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(54) Piezoelectric loudspeaker

(57) A piezoelectric loudspeaker includes: a piezoe-
lectric vibrator including a diaphragm and a piezoelec-
tric member provided on at least one face of the
diaphragm, the diaphragm being vibrated by the piezo-
electric member; a frame for supporting the piezoelec-
tric vibrator; and a visco-elastic member provided on at
least one face of the piezoelectric vibrator. The visco-
elastic member is disposed in a substantial center of the
piezoelectric vibrator. The visco-elastic member has a
bottom face area which accounts for about 11% to
about 80% of a bottom face area of the diaphragm.
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Description

BACKGROUND OF THE INVENTION

1. FIELD OF THE INVENTION:

[0001] The present invention relates to a piezoelec-
tric loudspeaker having flat reproduced sound volume
characteristics in a wide range of frequencies.

2. DESCRIPTION OF THE RELATED ART:

[0002] Conventional piezoelectric loudspeaker
structures are disclosed in, for example, Japanese Laid-
Open Utility Model Publication No. 63-81595 and Japa-
nese Laid-Open Patent Publication No. 1-135299.
[0003] Figure 38 illustrates the structure of a con-
ventional piezoelectric loudspeaker disclosed in Japa-
nese Laid-Open Utility Model Publication No. 63-81595.
This conventional piezoelectric loudspeaker includes a
piezoelectric diaphragm, which is composed of two thin
piezoelectric members 31A and 31B electrodes 32A,
32B, 32C attached together, and a kneaded mixture 33
of metal powder and adhesive. Reference numerals
34A and 34B denote electrical input lines. The mixture
33 is adhered to the central portion of the piezoelectric
diaphragm so as to damp the resonance peak Q at the
resonance points of the piezoelectric loudspeaker,
thereby improving the vibration mode characteristics.
This technique of attaching visco-elastic member, i.e.,
the kneaded mixture 33 in a smaller diameter of the
central portion of the diaphragm results in a somewhat
reduced resonance peak. However, the amount of reso-
nance attenuation obtained is well below a sufficient
level. As a result, this conventional piezoelectric loud-
speaker cannot attain sufficiently flat reproduced sound
volume-frequency characteristics.
[0004] Figure 39 illustrates the structure of a con-
ventional piezoelectric loudspeaker disclosed in Japa-
nese Laid-Open Patent Publication No. 1-135299. This
conventional piezoelectric loudspeaker includes a a
metal diaphragm 35; a piezoelectric vibrator composed
of a thin piezoelectric member 36 attached to one side
of the diaphragm 35; a soft damper plate 39 made of
foam resin, rubber, or the like with the same outer diam-
eter as that of the metal diaphragm 35 overlaid on the
opposite side of the metal diaphragm 35; and a frame
37 for sandwiching the metal diaphragm 35 and the
damper plate 39 at their outer peripheries around their
entire circumferences for providing stable support for
the metal diaphragm 35 and the damper plate 39. Ref-
erence numerals 38A and 38B denote electrical input
lines. It is possible to impart this piezoelectric loud-
speaker with various frequency characteristics by
selecting the sandwiching pressure in accordance with
the materials composing the metal diaphragm 35 and
the damper plate 39. However, in accordance with the
above conventional structure, the soft damper plate 39

and the metal diaphragm 35 are sandwiched by the
frame 37 at their outer peripheries. Such a soft damper
plate 39, extending all the way to the frame 37, may
allow the vibratory force induced by the vibrator 36 to be
transmitted into the frame 37. As a result, this conven-
tional piezoelectric loudspeaker will not attain large
vibration amplitude and hence it will not reproduce
sounds at high sound volume.

[0005] Moreover, as the input voltage to the afore-
mentioned conventional piezoelectric loudspeakers is
increased, an excessive amplitude may occur, espe-
cially within the vicinity of the central portion of the pie-
zoelectric vibrator. This may result in the 'peeling' of the
piezoelectric member from the metal diaphragm, and
even the destruction of the piezoelectric vibrator.
[0006] It is known that the lowest reproducible fre-
quency in the reproduced sound volume characteristics
can be lowered as the diameter of the metal diaphragm
is increased. However, this also creates a correspond-
ing decrease in the highest reproducible frequency.
Thus, it is difficult to attain a wide reproduction band
width with the conventional piezoelectric loudspeakers
of the type discussed above.
[0007] In a further case where a piezoelectric mem-
ber is affixed on each side of the metal diaphragm, it is
necessary to affix lead wires to both piezoelectric loud-
speakers, and the lead wires must lead out from above
and below the frame. This is aesthetically and electri-
cally unpreferable, and may create problems such as
peeling, entanglement, or even severance of the lead
wires, resulting in a malfunction.

SUMMARY OF THE INVENTION

[0008] A piezoelectric loudspeaker according to the
present invention includes: a piezoelectric vibrator
including a diaphragm and a piezoelectric member pro-
vided on at least one face of the diaphragm, the dia-
phragm being vibrated by the piezoelectric member: a
frame for supporting the piezoelectric vibrator; and a
visco-elastic member provided on at least one face of
the piezoelectric vibrator, wherein the visco-elastic
member is disposed in a substantial center of the piezo-
electric vibrator, and wherein the visco-elastic member
has a bottom face area which accounts for about 11% to
about 80% of a bottom face area of the diaphragm.
[0009] In one embodiment of the invention, the
visco-elastic member includes two or more visco-elastic
members stacked on top of each other, and the two or
more types of visco-elastic members at least have dif-
ferent materials or different shapes.
[0010] In another embodiment of the invention, the
visco-elastic member includes first and second visco-
elastic members which are provided on opposite sides
of the piezoelectric vibrator.
[0011] In still another embodiment of the invention,
the first and second visco-elastic members at least have
different materials or different shapes.

1 2

5

10

15

20

25

30

35

40

45

50

55



EP 1 001 653 A2

3

[0012] In still another embodiment of the invention,
the visco-elastic member includes two or more visco-
elastic members having mutually different values in at
least one of specific gravity, Young's modulus, and inter-
nal loss, and the two or more types of visco-elastic
members are disposed in a concentric manner.

[0013] In still another embodiment of the invention,
a rigid member is provided on the visco-elastic member,
the rigid member having a specific gravity which is
larger than a specific gravity of the visco-elastic mem-
ber.
[0014] In still another embodiment of the invention,
the piezoelectric vibrator has at least one aperture, the
at least one aperture being at least partially filled by the
visco-elastic member.
[0015] In still another embodiment of the invention,
the frame has a horn-like configuration having an open-
ing, the opening having a gradually increasing cross-
sectional area away from the piezoelectric vibrator and
toward a final opening at which soundwaves are emit-
ted, and the visco-elastic member has a conical config-
uration having a gradually decreasing cross-sectional
area away from the piezoelectric vibrator and toward the
final opening.
[0016] In still another embodiment of the invention,
the piezoelectric loudspeaker further includes an ele-
ment provided in a central portion of the visco-elastic
member, at least one of specific gravity and elastic mod-
ulus of the element being larger than specific gravity
and/or elastic modulus of the visco-elastic member.
[0017] In still another embodiment of the invention,
the visco-elastic member includes notches at least in
one portion thereof.
[0018] Alternatively, the piezoelectric loudspeaker
plurality of includes: a piezoelectric vibrator including a
diaphragm and a piezoelectric member provided on at
least one face of the diaphragm, the diaphragm being
vibrated by the piezoelectric member, a frame for sup-
porting the piezoelectric vibrator: and a support element
for supporting the piezoelectric vibrator at a substantial
center of the piezoelectric vibrator.
[0019] In one embodiment of the invention, the sup-
port element includes a conductive portion which is in
electrical contact with the piezoelectric vibrator, and an
electrical input is applied to the conductive portion.
[0020] In another embodiment of the invention, the
loudspeaker further includes a visco-elastic member
provided on at least one face of the piezoelectric vibra-
tor.
[0021] Alternatively, the piezoelectric loudspeaker
according to the present invention includes: a piezoe-
lectric vibrator including a diaphragm and a plurality of
piezoelectric members provided on at least one face of
the diaphragm, the diaphragm being vibrated by the plu-
rality of piezoelectric members; and a frame for support-
ing the piezoelectric vibrator, wherein different voltages
are applied to at least two of the plurality of piezoelectric
members.

[0022] In one embodiment of the invention, the pie-
zoelectric loudspeaker further includes a visco-elastic
member provided on at least one face of the piezoelec-
tric vibrator.

[0023] In another embodiment of the invention, at
least one of the plurality of piezoelectric members
receives an electric input via an electrical resistance.
[0024] In still another embodiment of the invention,
the plurality of piezoelectric members are defined by at
least two split sections of the visco-elastic member pro-
vided on at least one face of the piezoelectric vibrator.
[0025] In still another embodiment of the invention,
the piezoelectric loudspeaker further includes an elec-
trically resistant member for interconnecting at least two
of the plurality of piezoelectric members.
[0026] In still another embodiment of the invention,
the piezoelectric loudspeaker further includes a plate for
connecting at least one said visco-elastic member to the
frame so as to damp unwanted vibration of the piezoe-
lectric vibrator, wherein an enclosed space is formed by
the plate, the frame, and the diaphragm.
[0027] In still another embodiment of the invention,
the plate has at least through-hole.
[0028] In still another embodiment of the invention,
the visco-elastic member includes a conductive portion
which is in electrical contact with the piezoelectric vibra-
tor, and an electrical input is applied to the conductive
portion.
[0029] In still another embodiment of the invention,
the piezoelectric loudspeaker further includes a lead
wire for applying an electric input to the piezoelectric
member, wherein the piezoelectric vibrator has at least
one through-hole through which the lead wire is coupled
to the piezoelectric member.
[0030] In still another embodiment of the invention,
the piezoelectric loudspeaker further includes a cover
for protecting at least one said visco-elastic member
and the piezoelectric vibrator.
[0031] In still another embodiment of the invention,
the piezoelectric loudspeaker further includes a con-
ductive terminal for applying an electrical input to the
piezoelectric member, the conductive terminal being
provided within the cover.
[0032] Alternatively, the piezoelectric loudspeaker
according to the present invention includes : a piezoe-
lectric vibrator including a diaphragm and a piezoelec-
tric member provided on at least one face of the
diaphragm, the diaphragm being vibrated by the piezo-
electric member; a frame for supporting the piezoelec-
tric vibrator; and a visco-elastic member provided on at
least one face of the piezoelectric vibrator, wherein the
visco-elastic member is disposed in a substantial center
of the piezoelectric vibrator, wherein the visco-elastic
member has a bottom face area which accounts for
about 11% to about 80% of a bottom face area of the
diaphragm, and wherein the bottom face area of the
visco-elastic member is equal to or greater than the bot-
tom face area of the piezoelectric member, and a diam-
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eter of the visco-elastic member is smaller than the
inner diameter of the frame.

[0033] In one embodiment of the invention, the
frame includes a conductive portion which is in electri-
cal contact with the piezoelectric vibrator, and an electri-
cal input is applied to the conductive portion.
[0034] Thus, the invention described herein makes
possible the advantage of providing a piezoelectric
loudspeaker which attains a high reproduced mound
volume level, a wide reproduction frequency band
width, flat reproduced sound volume-frequency charac-
teristics with a relatively simple structure.
[0035] This and other advantages of the present
invention will become apparent to those skilled in the art
upon reading and understanding the following detailed
description with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036]

Figure 1 is a cross-sectional view showing a piezo-
electric loudspeaker according to Example 1 of the
present invention.

Figures 2A, 2B, 2C, 2D, 2E, and 2F are graphs
illustrating a vibration mode of a piezoelectric vibra-
tor.

Figures 3A, 3B, and 3C are graphs illustrating the
reproduced mound volume-frequency characteris-
tics of a piezoelectric loudspeaker.

Figures 4A and 4B are graphs illustrating the repro-
duced sound volume-frequency characteristics of a
piezoelectric loudspeaker.

Figures 5A, 5B, and 5C are graphs illustrating the
reproduced sound volume-frequency characteris-
tics of a piezoelectric loudspeaker.

Figures 6A, 6B, and 6C are graphs illustrating the
reproduced sound volume-frequency characteris-
tics of a piezoelectric loudspeaker.

Figures 7A, 7B, and 7C are graphs illustrating the
reproduced sound volume-frequency characteris-
tics of a piezoelectric loudspeaker obtained by
using visco-elastic members having various thick-
nesses.

Figure 8 is a cross-sectional view showing a piezo-
electric loudspeaker according to Example 2 of the
present invention.

Figure 9 is a cross-sectional view showing a piezo-
electric loudspeaker according to Example 3 of the
present invention.

Figure 10 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 4 of
the present invention.

Figure 11 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 5 of
the present invention.

Figure 12 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 6 of
the present invention.

Figure 13 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 7 of
the present invention.

Figure 14A is a plan view showing a diaphragm of a
piezoelectric loudspeaker according to Example 8
of the present invention.

Figure 14B is a cross-sectional view showing a pie-
zoelectric vibrator in a piezoelectric loudspeaker
according to Example 8 of the present invention,
the piezoelectric vibrator having a visco-elastic
member attached thereto.

Figure 15 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 9 of
the present invention.

Figure 16 is a cross-sectional view showing a pie-
zoelectric loudspeaker with a horn structure
according to Example 10 of the present invention.

Figure 17 is a cross-sectional view showing a pie-
zoelectric loudspeaker with a horn structure
according to Example 11 of the present invention.

Figure 18 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 12 of
the present invention.

Figure 19A is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 13 of
the present invention.

Figure 19B is a plan view showing a piezoelectric
loudspeaker according to Example 13 of the
present invention.

Figure 20 is an enlarged partial cross-sectional
view showing the vicinity of junction portions and
notches in an alternative junction portion structure
according to Example 13 of the present invention.

Figure 21 is a lower perspective view showing a
visco-elastic member in an alternative junction por-
tion structure according to Example 13 of the
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present invention.

Figure 22 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 14 of
the present invention.

Figure 23 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 15 of
the present invention.

Figure 24 is a graph illustrating electric impedance
characteristics according to Example 15 of the
present invention.

Figure 25 is a graph illustrating sound volume char-
acteristics according to Example 15 of the present
invention.

Figure 26 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 16 of
the present invention.

Figure 27 is a graph illustrating sound volume char-
acteristics of split sections of a piezoelectric vibra-
tor according to Example 16 of the present
invention.

Figure 28 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 16 of
the present invention.

Figure 29 is a cross-sectional view showing an
alternative piezoelectric loudspeaker according to
Example 16 of the present invention.

Figure 30 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 17 of
the present invention.

Figure 31 is a cross-sectional view showing an
alternative piezoelectric loudspeaker according to
Example 17 of the present invention.

Figure 32 is a cross-sectional view showing an
alternative piezoelectric loudspeaker according to
Example 17 of the present invention.

Figure 33 is a cross-sectional view showing an
alternative piezoelectric loudspeaker according to
Example 17 of the present invention.

Figure 34A is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 18 of
the present invention.

Figure 34B is a plan view showing a piezoelectric
loudspeaker according to Example 18 of the
present invention.

Figure 35A is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 19 of
the present invention.

Figure 35B is a plan view showing a piezoelectric
loudspeaker according to Example 19 of the
present invention.

Figure 36A is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 20 of
the present invention.

Figure 36B is a plan view showing a piezoelectric
loudspeaker according to Example 20 of the
present invention.

Figure 37 is a cross-sectional view showing a pie-
zoelectric loudspeaker according to Example 21 of
the present invention.

Figure 38 is a cross-sectional view showing a con-
ventional piezoelectric loudspeaker.

Figure 39 is a cross-sectional view showing another
conventional piezoelectric loudspeaker.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

[0037] Hereinafter, the present invention will be
described by way of illustrative examples, with reference
to the accompanying figures. Like elements of these fig-
ures are denoted by like numerals throughout the fig-
ures.

(Example 1)

[0038] Figure 1 is a cross-sectional view showing a
piezoelectric loudspeaker according to Example 1 of the
present invention. A piezoelectric vibrator 3 is com-
posed essentially of a diaphragm 1 which is made of a
metal or a polymer resin and a thin piezoelectric mem-
ber 2 attached to the diaphragm 1. A voltage is applied
to the piezoelectric member 2 via electric input lines 6A
and 6B. The diaphragm 1 is affixed to or supported by a
frame 4 at its outer periphery. A visco-elastic member
5A having a high internal loss (e.g., isobutylene-iso-
prene rubber, neoprene rubber, silicone rubber, or poly-
urethane foam) is attached to the diaphragm 1.
[0039] The operation of the piezoelectric loud-
speaker 10 will now be described. When an audio signal
is applied to the piezoelectric vibrator 3 (which is com-
posed of the diaphragm 1 and the thin piezoelectric
member 2), the piezoelectric vibrator 3 vibrates in a
bending mode, causing the surrounding air to vibrate,
whereby sound waves are generated. Since the piezoe-
lectric vibrator 3 itself has substantially no internal loss,
resonance may occur at certain frequencies.
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[0040] Figures 2A to 2F show the first to sixth reso-
nance modes, respectively, of a circular-shape piezoe-
lectric vibrator of a monomorph type, which includes a
diaphragm 1 and a thin piezoelectric member attached
to one side thereof, which is fixed at its outer periphery.
Specifically, the graphs of Figures 2A to 2F illustrate the
displacement characteristics of the circular diaphragm
across its entire diameter (i.e., from its center to its outer
periphery). It will be seen that the vibration amplitude
greatly increases in the vicinity of each resonance point.
Counter resonance may also occur at certain frequen-
cies between the resonance points, where the vibration
amplitude significantly decreases. Thus, the repro-
duced sound volume-frequency characteristics may
exhibit a profile having large peaks and troughs. Figure
3A shows one example of reproduced sound volume-
frequency characteristics of such a piezoelectric vibra-
tor.

[0041] According to the present invention, in order
to minimize the amplitudes of such peaks and troughs
of the sound volume characteristics, a visco-elastic
member having a high internal loss is attached to the
central portion of the piezoelectric vibrator 3. One par-
ticular finding made by the inventors is that the reso-
nance can be controlled to varying degrees depending
on the size and the like of the attached visco-elastic
member.
[0042] By way of illustration of the various degrees
of resonance control possible by the use of a visco-elas-
tic member, sample reproduced sound volume charac-
teristics are shown in Figures 3B, 3C, 4A, 4B, 5A, 5B,
5C, 6A, 6B, and 6C. These characteristics were
obtained when various sizes of visco-elastic members
(thickness: about 5 mm) were attached to a diaphragm.
Specifically, Figure 3B illustrates the case where the
bottom face area of the visco-elastic member accounts
for about 3% (hereinafter this ratio may also be referred
to as the "v/d ratio") of the bottom face area of the dia-
phragm: Figure 3C illustrates the case of about 6% v/d
ratio; Figure 4A illustrates the case of about 11% v/d
ratio; Figure 4B illustrates the case of about 17% v/d
ratio: Figure 5A illustrates the case of about 25% v/d
ratio; Figure 5B illustrates the case of about 50% v/d
ratio; Figure 5C illustrates the case of about 70% v/d
ratio; Figure 6A illustrates the case of about 80% v/d
ratio: Figure 6B illustrates the case of about 85% v/d
ratio; and Figure 6C illustrates the case of about 100%
v/d ratio.
[0043] Figures 3B (about 3% v/d ratio) and 3C
(about 6% v/d ratio) illustrate a case where a visco-elas-
tic member 5A having a relatively small diameter is
attached to the central portion of a diaphragm 1, as in
the conventional structure shown in Figure 38. In this
case, the visco-elastic member is attached only to a
central portion of the diaphragm which has a large
vibration displacement (as seen from Figures 2A to 2F).
Thus, the visco-elastic member will merely act as a
mass on the piezoelectric vibrator, rather than as a

means to control vibration, regardless of the high inter-
nal loss of the visco-elastic member 5A. Therefore, the
amplitudes of the peaks and troughs in the reproduced
sound volume characteristics due to resonance and
counter-resonance may only be slightly reduced, if at
all, by such a visco-elastic member 5A.

[0044] Figure 6C (about 100% v/d ratio) illustrates a
case where a visco-elastic member 5A is attached over
the entire surface area of the diaphragm 1. In this case,
the visco-elastic member 5A allows the vibratory energy
to be leaked into the frame 4 via the outer periphery,
where the visco-elastic member 5A is fixed to the frame
4. This however creates the problem of reduced sound
volume level as described above.
[0045] Figure 6B (about 85% v/d ratio) illustrates a
case where a visco-elastic member 5A is attached over
about 85% of the bottom face area of the diaphragm 1.
In this case, too, the problem of reduced sound volume
level still occurs because the portion of the piezoelectric
vibrator 3 in which the visco-elastic member 5A is not
attached to the diaphragm 1, which contributes most to
the sound volume characteristics, only accounts for only
a small area of about 15%.
[0046] Figure 6A illustrates a case where the bot-
tom face area of the visco-elastic member 5A accounts
for about 80% of the bottom face area of the diaphragm
1. As can be seen from Figures 6A and 6B, the sound
volume level attained with the 80 % v/d ratio is as much
as about 10 dB higher than that obtained with the v/d
ratio of about 85%. Therefore, the loudspeaker of Figure
6A can provide a sufficient mound volume level.
[0047] As seen from Figures 3A to 6C, flat repro-
duction characteristics can be attained in the case
where the v/d ratio is in the range of about 11% to about
80%. As used herein, "flat reproduction characteristics"
or "flat reproduced sound volume-frequency character-
istics" are defined as a sound volume characteristics
profile containing peaks and troughs with an amplitude
difference of no more than about 20 dB across the fre-
quency band within which the loudspeaker is operable.
[0048] For example, with a v/d ratio of about 11%
(Figure 4A), the sound volume characteristics have a
variation of about 15 dB in the frequency band begin-
ning at and above about 4kHz. Thus, sufficient speaker
characteristics are obtained.
[0049] With a v/d ratio of about 50% (Figure 5B),
the sound volume characteristics have a variation of
about 18 dB in the frequency band beginning at and
above about 20 kHz. This structure is suitable for use as
a loudspeaker.
[0050] With a v/d ratio of about 80% (Figure 6A),
excellent frequency characteristics are obtained in the
frequency band beginning at and above about 20 kHz.
[0051] Therefore, according to the present example
of the invention, there is provided a structure in which a
visco-elastic member 5A is attached to a diaphragm 1
of a piezoelectric vibrator 3 such that the visco-elastic
member 5A has a bottom face area which accounts for
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about 11% to about 80% of the bottom face area of the
diaphragm 1, and in which only the diaphragm 1 is
directly coupled to a frame 4 at its outer periphery. The
visco-elastic member 5A attached to the piezoelectric
vibrator 3 is forced to undergo stretching motion due to
the bending vibration of the piezoelectric vibrator 3. The
stretching motion of the visco-elastic member 5A hav-
ing a high internal loss serves to prevent the occurrence
of a plurality of resonance modes. Since the visco-elas-
tic member 5A is not in direct contact with the frame 4,
vibratory energy is prevented from leaking into the
frame 4 via the visco-elastic member 5A. Moreover, the
visco-elastic member 5A in the above-mentioned v/d
ratio range does not cause a decrease in the repro-
duced sound volume level (which would occur if the
visco-elastic member 5A had too large a bottom face
area to leave a substantial portion of the piezoelectric
vibrator 3 for contributing to sound volume reproduc-
tion). As a result, the amplitudes of peaks and troughs in
the reproduced sound volume-frequency characteristics
due to resonance and counter-resonance are mini-
mized, thereby realizing sufficiently flat reproduction
characteristics.

[0052] Figures 7A to 7C illustrate characteristics
which are obtained by varying the thickness of the
visco-elastic member 5A to be about 5 mm, about 3
mm, or about 1 mm with a fixed v/d ratio of about 70%.
Thus, it is also possible to vary not only the bottom face
area but also the height and/or shape of the visco-elas-
tic member 5A in order to obtain the desired character-
istics.

(Example 2)

[0053] Figure 8 is a cross-sectional view showing a
piezoelectric loudspeaker 10 according to Example 2 of
the present invention. As shown in Figure 8, the piezoe-
lectric loudspeaker 10 includes a diaphragm 1, thin pie-
zoelectric members 2A and 2B, a frame 4, and a visco-
elastic member 5A. A piezoelectric vibrator 3 of a
bimorph type is composed of the diaphragm 1 and the
thin piezoelectric members 2A and 2B attached to
opposite sides thereof. The visco-elastic member 5A is
attached to at least one side of the piezoelectric vibrator
3 so that the bottom face area of the visco-elastic mem-
ber 5A accounts for about 11% to about 80% of the bot-
tom face area of the diaphragm 1. As described with
reference to Example 1, the piezoelectric loudspeaker
10 operates so as to prevent the occurrence of a plural-
ity of resonance modes. Thus, flat sound volume-fre-
quency characteristics can be attained.

(Example 3)

[0054] Figure 9 is a cross-sectional view showing a
piezoelectric loudspeaker 10 according to Example 3 of
the present invention. As shown in Figure 9, the piezoe-
lectric loudspeaker 10 includes a diaphragm 1, a thin

piezoelectric member 2B, a frame 4, and a visco-elastic
member 5B. The visco-elastic member 5B is a piece of
visco-elastic material with a central aperture 19. Since
the vibration mode varies depending on the sizes, den-
sities, and Young's moduli of the diaphragm 1 and the
thin piezoelectric member 2B, flat sound volume-fre-
quency characteristics may be attained to more suffi-
cient levels with the visco-elastic member 5B having the
central aperture 19 than with a visco-elastic member
(e.g., 5A shown in Figures 1 and 8) without a central
aperture under some conditions, while also preventing a
decrease in the sound volume level. Instead of having
the illustrated aperture 19, the visco-elastic member 5B
may simply have a configuration which becomes thinner
toward the center for similar effects.

(Example 4)

[0055] Figure 10 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 4
of the present invention. As shown in Figure 10, the pie-
zoelectric loudspeaker 10 includes a diaphragm 1, a
thin piezoelectric member 2B, a frame 4, and visco-
elastic members 5A and 5C. A piezoelectric vibrator 3 is
composed of the diaphragm 1 and the thin piezoelectric
member 2B attached thereto. The visco-elastic mem-
bers 5A and 5C are attached to one side of the piezoe-
lectric vibrator 3, with the visco-elastic member 5C
being stacked on top of the visco-elastic member 5A,
where the visco-elastic member 5A and 5C preferably
are at least two different visco-elastic members having
different sizes and/or being of different materials. Owing
to the different densities, Young's moduli, and loss coef-
ficients of the two visco-elastic members 5A and 5C and
the piezoelectric vibrator 3, a complex vibratory system
is constructed. As a result, the resonance modes of the
piezoelectric vibrator 3 are further controlled for even
flatter sound volume-frequency characteristics.
[0056] Although two layers of visco-elastic mem-
bers 5A, 5B and 5C are shown in the present example,
it is also applicable to employ three or more layers of
such visco-elastic members for similar effects.
[0057] Although the illustrated visco-elastic mem-
bers 5A, 5B, and 5C are attached to only one wide of
the piezoelectric vibrator 3 in Figures 1 and 8 to 10, they
may alternatively be attached to opposite sides of the
piezoelectric vibrator 3 for enhanced control of reso-
nance modes.

(Example 5)

[0058] Figure 11 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 5
of the present invention. As shown in Figure 11, the pie-
zoelectric loudspeaker 10 includes a diaphragm 1, a
thin piezoelectric member 2B, a frame 4, and visco-
elastic members 5A and 5C. A piezoelectric vibrator 3 is
composed of the diaphragm 1 and the thin piezoelectric
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member 2B attached thereto. The visco-elastic mem-
bers 5A and 5C are attached to opposite sides of the
piezoelectric vibrator 3, where the visco-elastic member
5A and 5C preferably have different sizes and/or are of
different materials. The piezoelectric vibrator 3, which
would otherwise vibrate with a large vibration amplitude
at the resonance points, has its resonance modes dis-
persed due to the visco-elastic members 5A and 5C
attached to opposite sides thereof. Thus, the control
over the resonance of the piezoelectric vibrator 3 is fur-
ther enhanced. As a result, flat sound volume-frequency
characteristics can be obtained with relatively small
and/or thin visco-elastic members 5A and 5C.

(Example 6)

[0059] Figure 12 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 6
of the present invention. As shown in Figure 12, the pie-
zoelectric loudspeaker 10 includes a diaphragm 1, a
thin piezoelectric member 2B, a frame 4, and visco-
elastic members 5B and 5D. A piezoelectric vibrator 3 is
composed of the diaphragm 1 and the thin piezoelectric
member 2B attached thereto. The visco-elastic mem-
bers 5B and 5D, which are configured in a circularly
concentric manner, are attached to one side of the pie-
zoelectric vibrator 3, where the central visco-elastic
member 5D and the peripheral visco-elastic member 5B
are preferably composed of different visco-elastic mate-
rials having different values of specific gravity, Young's
moduli, and internal losses. The design of the piezoe-
lectric loudspeaker 10 can be optimized by selecting dif-
ferent materials for the central portion (which undergoes
relatively large displacement) and the peripheral portion
(which undergoes a relatively small displacement).
Although the visco-elastic member 5B and 5D are illus-
trated as two concentric circular members, three or
more such members can be employed for similar
effects.

(Example 7)

[0060] Figure 13 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 7
of the present invention. As shown in Figure 13, the pie-
zoelectric loudspeaker 10 includes a diaphragm 1, a
thin piezoelectric member 2B, a frame 4, a visco-elastic
member 5A, and a rigid member 21 (e.g., metal or alloy)
which is heavier than the visco-elastic member 5A. A
piezoelectric vibrator 3 is composed of the diaphragm 1
and the thin piezoelectric member 2B attached thereto.
The visco-elastic member 5A is attached to one side of
the piezoelectric vibrator 3, and the rigid member 21 is
attached to a side of the visco-elastic member 5A not
facing the piezoelectric vibrator 3. The visco-elastic
member 5A having the aforementioned rigid member
21 attached thereto generates its own unique reso-
nance at a lower frequency and causes the visco-elastic

member 5A to vibrate with an increased amplitude. As a
result, large visco-elastic effects are obtained even with
a relatively small visco-elastic member 5A. Conse-
quently, the visco-elastic member 5A according to the
present example acts to control lower-order resonance
modes of the piezoelectric vibrator 3, thereby attaining
flat sound volume-frequency characteristics beginning
at even lower frequency bands than those in the above-
mentioned examples. Although not shown in Figures 12
and 13, the visco-elastic member 5A having the afore-
mentioned rigid member 21 attached thereto may be
attached to each side of the piezoelectric vibrator 3 for
enhanced effects. A plurality of such visco-elastic mem-
bers 5A may be stacked for similar effects.

(Example 8)

[0061] Figure 14A is a plan view showing a dia-
phragm 1B of a piezoelectric loudspeaker according to
Example 8 of the present invention. Figure 14B is a
cross-sectional view showing a piezoelectric vibrator 3
of the piezoelectric loudspeaker 10 according to the
present example, with visco-elastic member 5E pro-
vided thereon. As shown in Figures 14A and 14B, the
piezoelectric loudspeaker 10 includes the diaphragm
1B having apertures 20 provided therein, a thin piezoe-
lectric member 2A, and a visco-elastic member 5E. The
outer periphery of the diaphragm 1B is affixed to or sup-
ported by a frame (not shown) in a manner similar to
that shown in Figure 1. The visco-elastic member 5E
partially fills the apertures 20 of the diaphragm 1B. This
structure enhances the control over the resonance of
the diaphragm 1B of the piezoelectric vibrator 3,
thereby providing flat reproduced sound volume-fre-
quency characteristics.

(Example 9)

[0062] Figure 15 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 9
of the present invention. As shown in Figure 15, the pie-
zoelectric loudspeaker 10 includes a diaphragm 1, a
thin piezoelectric member 2B, a frame 4, and a plurality
of visco-elastic members 5F. A piezoelectric vibrator 3 is
composed of the diaphragm 1 and the thin piezoelectric
member 2B attached thereto. The visco-elastic mem-
bers 5F are attached to one side of the piezoelectric
vibrator 3 so as to be located on the diaphragm 1 or on
the thin piezoelectric member 2B. The visco-elastic
members 5F may be in contact with one another, or
alternatively spaced apart from one another as desired.
Preferably, the visco-elastic members 5F have mutually
different values in at least one of specific gravity,
Young's modulus, and internal loss. The design of the
piezoelectric loudspeaker 10 in Figure 15 can be opti-
mized by varying the materials and/or shapes of the plu-
rality of visco-elastic members 5F as desired for
portions of the piezoelectric vibrator 3 which undergo
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relatively large displacement and portions of the piezo-
electric vibrator 3 which undergo a relatively small dis-
placement. Although three visco-elastic member 5F are
illustrated in Figure 15, two or more such members can
be suitably employed for similar effects.

(Example 10)

[0063] Figure 16 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 10
of the present invention. As shown in Figure 16, the pie-
zoelectric loudspeaker 10 includes a diaphragm 1, a
thin piezoelectric member 2B, a frame 4B, and a visco-
elastic member 5D. A piezoelectric vibrator 3 is com-
posed of the diaphragm 1 and the thin piezoelectric
member 2B attached thereto. As shown, the frame 4B
used to affix or support the piezoelectric vibrator 3 has
a horn-like configuration such that its opening has grad-
ually increasing cross-sectional area (taken along a
direction perpendicular to the plane of Figure 16) away
from the diaphragm 1 and toward the final opening
(shown at the uppermost portion of Figure 16). The
visco-elastic member 5D has a conical configuration
which has largest cross-sectional area where it is in
contact with the piezoelectric vibrator 3 and gradually
decreases in cross-sectional area away from the piezo-
electric vibrator 3. The visco-elastic member 5D acts to
control the resonance modes of the piezoelectric vibra-
tor 3. Furthermore, the sound path formed by the visco-
elastic member 5D and the opening of the frame 4B
presents a horn-like configuration for enhancing the
reproduced sound volume level due to known horn
effects. An additional advantage of ability to control the
directivity of sound reproduction by varying the horn
configuration is also produced. The visco-elastic mem-
ber 5D, which is located within the horn structure,
serves as a phase equalizer, thereby realizing a loud-
speaker having high reproduction efficiency up to the
higher frequencies.

(Example 11)

[0064] Figure 17 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 11
of the present invention. As shown in Figure 17, the pie-
zoelectric loudspeaker 10 includes a diaphragm 1, a
thin piezoelectric member 2B, a frame 4B, and a visco-
elastic member 5E. A piezoelectric vibrator 3 is com-
posed of the diaphragm 1 and the thin piezoelectric
member 2B attached thereto. As shown, the frame 4B
for affixing or supporting the piezoelectric vibrator 3 has
a horn-like configuration such that its opening has grad-
ually increasing cross-sectional area (taken along a
direction perpendicular to the plane of Figure 17) away
from the diaphragm 1 and toward the final opening
(shown at the uppermost portion of Figure 17). The
visco-elastic member 5E has a central opening, and has
a configuration which has largest cross-sectional area

where it comes in contact with the piezoelectric vibrator
3 and gradually decreases in cross-sectional area away
from the piezoelectric vibrator 3. Similar effects to those
attained by Example 10 result from this configuration of
the visco-elastic member 5E.

[0065] Although the visco-elastic members 5E, 5F,
5D, and 5E shown in Figures 14A, 14B, 15, 16, and 17
are illustrated as being attached to only one side of the
respective piezoelectric vibrator 3, they may be
attached to opposite sides of the respective piezoelec-
tric vibrator 3 for enhanced resonance control.
[0066] In the following examples, it should be
appreciated that each piezoelectric loudspeaker 10
shares the same basic structure as that described in the
foregoing examples (e.g., the piezoelectric vibrator 3
being composed of a diaphragm and a thin piezoelectric
member attached thereto). Accordingly, for concise-
ness, detailed description of such elements is omitted in
the descriptions of the following examples.

(Example 12)

[0067] Figure 18 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 12
of the present invention. As shown in Figure 18, the pie-
zoelectric loudspeaker 10 includes elements 7, each of
which is internalized within a visco-elastic member 5
and affixed to a piezoelectric vibrator 3. The elements 7
are composed essentially of a material such that at
least one of the specific gravity and elastic modulus of
the material is larger than the specific gravity and/or
elastic modulus of the visco-elastic member 5.
[0068] The operation of the piezoelectric loud-
speaker 10 according to the present example will now
be described. As an electric input is applied across lead
wires 6A and 6B, the piezoelectric vibrator 3 vibrates in
a bending mode owing to the action of a piezoelectric
member 2 attached to a diaphragm 1. Although the dia-
phragm 1 and the piezoelectric member 2 have very
small internal losses and a large resonance peak Q at
their respective resonance points, the visco-elastic
members 5 which are attached to the piezoelectric
vibrator 3 control its Q value. The piezoelectric vibrator
3 may have a large amplitude in the central portion even
with the visco-elastic members 5 attached thereto, pos-
sibly causing the peeling of the piezoelectric member 2
from the diaphragm 1 during periods of excessive
amplitude. Accordingly, the elements 7, at least one of
whose specific gravity and elastic modulus is larger
than the specific gravity and/or elastic modulus of the
visco-elastic member 5, are used to control the ampli-
tude.
[0069] In accordance with the above operation, the
elements 7 serve to minimize the excessive amplitude
occurring in the central portion of the piezoelectric
vibrator 3 while maintaining flat reproduced sound vol-
ume-frequency characteristics provided by the damping
effect of the visco-elastic members 5. As a result, the
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piezoelectric loudspeaker 10 attains an improved with-
stand input level without deterioration in the reproduced
sound volume-frequency characteristics.

(Example 13)

[0070] Figures 19A and 19B are a cross-sectional
view and a plan view, respectively, showing a piezoelec-
tric loudspeaker 10 according to Example 13 of the
present invention. As shown, each visco-elastic mem-
ber 5 has a notch 8A so that a positive (+) lead wire can
be coupled to a piezoelectric member 2 at a junction
portion 9. Thus, the notch 8A is configured so that the
junction portion 9 is not entirely covered over by the
visco-elastic member 5.
[0071] The operation of the piezoelectric loud-
speaker 10 according to the present example will now
be described. When an electric input is applied across
lead wires 6A and 6B, the piezoelectric vibrator 3
vibrates in a bending mode owing to the action of a pie-
zoelectric member 2 attached to a diaphragm 1.
Although the diaphragm 1 and the piezoelectric mem-
ber 2 have very small internal losses and a large reso-
nance peak Q at their respective resonance points, the
visco-elastic members 5 which are attached to the pie-
zoelectric vibrator 3 control its Q value. Although the
positive lead wire 6A is typically coupled to the piezoe-
lectric member 2 by use of solder or adhesive, which
may form a bump at each junction portion 9 between the
positive lead wire 6A and the piezoelectric member 2,
the notches 8A allow the visco-elastic members 5 to be
in close contact with the piezoelectric vibrator 3 in much
a manner that the visco-elastic members 5 do not
entirely cover the junction portions 9. As a result, the
damping effect on the piezoelectric vibrator 3 provided
by the visco-elastic members 5 can be fully realized,
thereby providing stable, flat reproduced sound volume-
frequency characteristics without substantial fluctua-
tion.
[0072] Figure 20 is an enlarged partial cross-sec-
tional view showing the vicinity of the junction portions 9
and the notches 8B in an alternative junction portion
structure according to the present example. Figure 21 is
a perspective view showing the bottom face of each
visco-elastic member 5, upon which the visco-elastic
member 5 is attached to the piezoelectric member 2. As
shown in Figures 20 and 21, the notches 8B may be
configured so that the visco-elastic member 5 over-
hangs above the junction portion 9 for similar effects,
whereby the appearance of the piezoelectric loud-
speaker 10 can be improved.
[0073] The piezoelectric vibrators 3 shown in Fig-
ures 18, 19A, 19B, and 20 are of a bimorph type com-
posed essentially of a diaphragm 1 and piezoelectric
members 2 attached to opposite sides thereof. How-
ever, similar effects can be attained by employing piezo-
electric vibrators 3 of a monomorph type composed
essentially of a diaphragm 1 and a piezoelectric mem-

ber 2 attached to one side thereof.

(Example 14)

[0074] Figure 22 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 14
of the present invention. As shown, a support element
22 is provided at the substantial center of a piezoelectric
vibrator 3. The support element 22 is at least partially
composed of a conductive material, and also acts as a
positive (+) electrode.
[0075] The operation of the piezoelectric loud-
speaker 10 according to the present example will now
be described. As an electric input is applied across the
support element 22 and a negative (-) lead wire 6B, the
input electric signal is transmitted to a piezoelectric
member 2 via the partially conductive support element
22, causing the piezoelectric vibrator 3 to vibrate in a
bending mode. A visco-elastic member 5 attached to
the piezoelectric vibrator 3 controls the resonance peak
Q at the resonance points of the piezoelectric vibrator 3,
thereby providing flat reproduced sound volume-fre-
quency characteristics.
[0076] The effects to be provided by the above-
described operation will now be described. Since the
support element 22 supports the piezoelectric vibrator 3
at its substantial center, the excessive amplitude which
may occur in the central portion of the piezoelectric
vibrator 3 responsive to a large electric input is mini-
mized, thereby improving the withstand input level; this
effect is similar to that provided by Example 13. In addi-
tion, according to the present example, since the con-
ductive support element 22 doubles as a positive
electrode for the piezoelectric vibrator 3, there is no
need for a separate positive lead wire. As a result, the
malfunctioning possibilities due to severance or entan-
glement of lead wires are minimized. The omission of a
separate positive lead wire also makes for improved
production yield and improved appearances.
[0077] Although the visco-elastic member 5 is
shown in Figure 22, the piezoelectric loudspeaker 10
according to Example 14 can also be implemented with-
out a visco-elastic member 5 and still minimize the
excessive amplitude occurring in the central portion of
the piezoelectric vibrator 3. The support element 22
does not need to be conductive; in the case where the
support element 22 is non-conductive, a positive lead
wire will be provided.

(Example 15)

[0078] Figure 23 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 15
of the present invention. As shown in Figure 23, piezoe-
lectric member 2A and 2B are provided on an upper
face and a lower face, respectively, of a diaphragm 1. An
electrical resistance 11A is inserted between the piezo-
electric member 2A and a positive (+) lead wire 6A.
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[0079] The operation of the piezoelectric loud-
speaker 10 according to the present example will now
be described. As shown in the graph of Figure 24, due
to the electrical resistance 11A inserted between the
piezoelectric member 2A and the positive lead wire 6A,
the electrical impedance of the piezoelectric loud-
speaker 10 as seen from the lead wires 6A and 6B is
shifted upward in the higher frequency band as com-
pared to that of the same piezoelectric loudspeaker 10
which lacks the electrical resistance 11A. When an
electric input is applied to the lead wires 6A and 6B, the
electric impedance characteristics as shown in Figure
24 cause a corresponding decrease in the electric cur-
rent flowing through the piezoelectric vibrator 3 in the
higher frequency band as compared to that of the same
piezoelectric loudspeaker 10 which lacks the electrical
resistance 11A. Therefore, it is possible to construct a
low-pass filter by merely incorporating the electrical
resistance 11A for changing the sound volume charac-
teristics as shown in Figure 25.

[0080] Although visco-elastic members 5 are illus-
trated in Figure 23, the present example can also be
implemented without visco-elastic members 5.

(Example 16)

[0081] Figure 26 is a schematic plan view illustrat-
ing a piezoelectric loudspeaker 10 according to Exam-
ple 16 of the present invention. The piezoelectric
loudspeaker 10 includes a piezoelectric member 2
which is split in two sections 2C and 2D, with an electri-
cal resistance 11B inserted between the piezoelectric
section 2C and a positive lead wire 6A.
[0082] The operation of the above structure will now
be described. As an electric input is applied to the lead
wires 6A and 6B, a low pass filter is created which
includes the electrical resistance 11B inserted between
the piezoelectric section 2C and the positive lead wire
6A; this effect is similar to that provided by Example 15.
The other piezoelectric section 2D operates as a normal
piezoelectric loudspeaker (i.e., without low-pass filtering
capabilities).
[0083] It is possible to design the piezoelectric sec-
tions 2C and 2D so as to have different lowest reproduc-
ible frequencies by varying their areas and/or
thicknesses. Therefore, the piezoelectric sections 2C
and 2D may provide sound volume characteristics as
exemplified by curves A and B, respectively, in the
graph of Figure 27. Accordingly, the overall characteris-
tics of the piezoelectric loudspeaker 10 is equal to a
sum of the characteristics A and B in Figure 27. Thus,
the reproducible frequency range of the piezoelectric
loudspeaker 10 can be expanded.
[0084] By splitting the piezoelectric member 2 into
right and left halves as shown in Figure 28, and insert-
ing a conductive material 11C between the two halves
to serve as an electrical resistance between the piezoe-
lectric sections 2C and 2D, similar effects to that

obtained with the use of the electrical resistance 11B of
Figure 26 can be achieved.

[0085] Similar effects can also be attained by split-
ting the piezoelectric member 2 into concentric sections
2C and 2D as shown in Figure 29, and inserting a con-
ductive material 11D to serve as an electrical resistance
between the sections 2C and 2D.
[0086] Although Figures 26, 28, and 29 do not illus-
trate any visco-elastic members, it is also applicable to
provide a visco-elastic member 5 on the piezoelectric
loudspeaker 10 according to Example 16 of the inven-
tion. The aforementioned piezoelectric member 2 com-
posed of discrete piezoelectric sections may be
implemented as a combination of annular piezoelectric
members or stacked disk-shaped piezoelectric mem-
bers. A plurality of electrical resistance elements, or a
plurality of conductive elements to serve as electrical
resistance, may be employed so long as they are capa-
ble of applying different voltages to the plurality of piezo-
electric sections.

(Example 17)

[0087] Figure 30 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 17
of the present invention. As shown, the piezoelectric
loudspeaker 10 includes a plate 12 for interconnecting a
frame 4 to one of a pair of visco-elastic members 5.
[0088] The operation of the piezoelectric loud-
speaker 10 according to the present example will now
be described. As an electric input is applied across lead
wires 6A and 6B, a piezoelectric vibrator 3 vibrates in a
bending mode. Although a diaphragm 1 and a piezoe-
lectric member 2 have very small internal losses and a
large resonance peak Q at their respective resonance
points, the visco-elastic members 5 which are attached
to the piezoelectric vibrator 3 control its Q value. Fur-
thermore, since one of the visco-elastic members 5 is
connected to the frame 4 via the plate 12, the central
portion of the piezoelectric vibrator 3 (at which the pie-
zoelectric vibrator 3 may be adhered to the visco-elastic
member 5) is prevented from having an excessive
amplitude.
[0089] In accordance with the operation, the plate
12 for interconnecting one of the visco-elastic members
5 to frame 4 serves to minimize the excessive amplitude
occurring in the central portion of the piezoelectric
vibrator 3 while maintaining flat reproduced sound vol-
ume-frequency characteristics due to the damping
effect provided by the visco-elastic members 5. As a
result, the piezoelectric loudspeaker 10 attains an
improved withstand input level. Since an enclosed
space can be formed between the plate 12, the frame 4,
the diaphragm 1, end the visco-elastic member 5, there
is provided a further advantage when constructing a
speaker system by mounting the above piezoelectric
loudspeaker 10 in a cabinet: that is, the diaphragm 1 is
prevented from being strained due to unwanted vibra-

19 20

5

10

15

20

25

30

35

40

45

50

55



EP 1 001 653 A2

12

tion of the diaphragm 1 which is associated with the
internal sound volume within the cabinet. Thus, a low-
strain speaker system can be realized. Moreover, the
physical volume within the enclosed space serves an
"air spring" against the piezoelectric vibrator 3. The low-
est resonance frequency of a given loudspeaker, which
defines the lowest reproducible frequency of the loud-
speaker, is determined by the mass of a diaphragm 1
and a spring factor against the diaphragm. Therefore, it
is possible to adjust the lowest resonance frequency of
the piezoelectric loudspeaker 10 by employing the
physical volume within the enclosed space as a param-
eter in the loudspeaker design.

[0090] It is also possible to provide through-holes
13 in the plate 12 for allowing air passage, as shown in
Figure 31. In this case, the through-holes 13 act as
acoustic resistance against the piezoelectric vibrator 3.
Thus, such through-holes 13 may be utilized to enhance
the damping effects beyond what is attained by the
visco-elastic members 5, thereby improving the flatness
of the sound volume characteristics. The plate 12 also
serves as a means for protecting the piezoelectric vibra-
tor 3 from extrinsic impacts or shocks, and/or preventing
foreign articles from straying into the speaker system.
[0091] As shown in Figure 32, it is also possible to
provide an electrode 14 which is affixed to the plate 12
and penetrates the visco-elastic member 5 so as to
achieve electrical contact with the piezoelectric vibrator
3, the electrode 14 serving as an electric input terminal.
Since this eliminates the need for at least one lead wire,
malfunctioning possibilities due to severance or entan-
glement of lead wires are minimized. A reduced number
of lead wires also makes for improved production yield
and improved appearances.
[0092] Similar effects can be obtained by coating a
conductive material 23 on the surface of at least one of
the visco-elastic members 5 or forming at least one of
the visco-elastic members 5 from a conductive material,
as shown in Figure 33.
[0093] The piezoelectric vibrators 3 shown in Fig-
ures 30 to 33 are of a bimorph type composed essen-
tially of a diaphragm 1 and piezoelectric members 2
attached to opposite sides thereof. However, similar
effects can be attained by employing piezoelectric vibra-
tors 3 of a monomorph type composed essentially of a
diaphragm 1 and a piezoelectric member 2 attached to
one side thereof; in this case, the positive lead wire 6A
for the upper piezoelectric member 2 can be omitted,
thereby making for much improved production yield and
appearances. Although the above example illustrates
two visco-elastic members 5 provided on opposite sides
of the piezoelectric vibrator 3, it is also applicable to pro-
vide one visco-elastic member 5 on only one side of the
piezoelectric vibrator 3.

(Example 18)

[0094] Figures 34A and 34B are a cross-sectional

view and a plan view, respectively, showing a piezoelec-
tric loudspeaker 10 according to Example 18 of the
present invention. As shown, a diaphragm 1 has a
through-hole 15, through which one of positive (+) lead
wires 6A is coupled to a piezoelectric vibrator 3. Thus,
the lead wires can be gathered on the back side (shown
as the lower side in Figure 34A), which makes for
improved appearances. Less complex wiring also leads
to improved production yield.

(Example 19)

[0095] Figures 35A and 35B are a cross-sectional
view and a plan view, respectively, showing a piezoelec-
tric loudspeaker 10 according to Example 19 of the
present invention. As shown, a conductive electrode 16
is provided which is affixed to a frame 4 and penetrates
the visco-elastic member 5 so as to achieve electrical
contact with a piezoelectric vibrator 3. Moreover, a
cover 17 is provided for connecting the electrode 16 to
the frame 4.
[0096] Since the electrode 16 eliminates the need
for at least one of the positive lead wires, malfunctioning
possibilities due to severance or entanglement of lead
wires are minimized. The cover 17 serves as a means
for protecting the piezoelectric vibrator 3 and the visco-
elastic members 5 from being damaged by extrinsic
impacts or shocks. Furthermore, the cover 17 serves as
an acoustic equalizer for the soundwaves which are
generated by the vibration of the piezoelectric vibrator 3,
thereby broadening the directivity in the higher fre-
quency range and providing flatter reproduction charac-
teristics.
[0097] Although the cover 17 illustrated in Figures
35A and 35B is only provided on one side of the piezo-
electric vibrator 3, it is also possible to provide a cover
17 on each side of the piezoelectric vibrator 3. In this
case, separate positive lead wires 6A would not be
required.
[0098] By at least partially constructing the cover 17
from a conductive material in such a manner that the
cover 17 is insulated from a diaphragm 1 (to which a
negative (-) electrical input is applied), all of the electric
input terminals can be provided in the vicinity of the
junction between the cover 17 and the frame 4. This
makes for improved appearances and facility of use,
and also substantially eliminates malfunctioning possi-
bilities due to severance or entanglement of lead wires.
[0099] Although the cover 17 as illustrated in Figure
35B includes three fans, any number of fans may be
provided in accordance with the desired acoustic equal-
izer configuration.

(Example 20)

[0100] Figures 36A and 36B are a cross-sectional
view and a plan view, respectively, showing a piezoelec-
tric loudspeaker 10 according to Example 20 of the
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present invention. As shown, visco-elastic members 5
provided upon a piezoelectric member 2 each have a
bottom face area which is equal to or greater than the
bottom face area of the piezoelectric member 2 and yet
small enough to fit within the inner diameter of the frame
4 (i.e., the diameter of the visco-elastic member 5 is
smaller than the inner diameter of the frame 4). As a
result, the visco-elastic members 5 serve as means for
protecting the piezoelectric member 2 from extrinsic
impacts or shocks, and/or preventing foreign articles
from straying into the speaker system to cause peeling
of, or inflict damage to, the piezoelectric member 2.

(Example 21)

[0101] Figure 37 is a cross-sectional view showing
a piezoelectric loudspeaker 10 according to Example 21
of the present invention. As shown, a negative (-) elec-
tric terminal 18 which is composed of a conductive
material is provided in a portion of a frame 4 so as to be
in electrical contact with a diaphragm 1. The negative
electric terminal 18 eliminates the need for a separate
negative lead wire, thereby eliminating malfunctioning
possibilities due to severance or entanglement of lead
wires. Since the negative electric terminal is con-
structed simply by affixing the diaphragm 1 to the frame
4, the number of manufacture steps can be reduced,
thereby facilitating ease of assembly. The appearances
of the piezoelectric loudspeaker 10 can also be
improved according to the present example.
[0102] Although the piezoelectric loudspeaker 10
illustrated in Figure 37 is of a type which incorporates a
positive lead wire 6A, any of the structures shown in
Figures 22, 32, 33, 35A and 35B, in which there is no
need for at least one of the positive lead wires, can suit-
ably incorporate the negative electric terminal 18
according to the present example for the aforemen-
tioned effects. It is also possible to provide a positive
electric terminal(s) within the frame 4 in addition to the
negative electric terminal 18. Although two visco-elastic
members 5 are illustrated as being provided on oppo-
site sides of the piezoelectric vibrator 3, one visco-elas-
tic member 5 may be provided on only one side of the
piezoelectric vibrator 3.
[0103] In general, the configuration of the dia-
phragm, piezoelectric member, frame, and visco-elastic
member of the piezoelectric loudspeaker 10 according
to the present invention may be disk-like or annular.
However, they may alternatively have polygonal shapes.
It is also possible that some of these elements have one
shape while others have another. By appropriately
selecting the configurations, materials, positions, etc.
for the respective constituent elements of the piezoelec-
tric loudspeaker 10 according to the present invention, it
is possible to design a loudspeaker which provides the
desired characteristics, good space economy, and good
appearances.
[0104] Thus, according to the present invention,

there is provided a structure in which a visco-elastic
member is attached to a central portion of a piezoelec-
tric vibrator which is composed essentially of a dia-
phragm and a piezoelectric member(s) attached to one
side or both sides of the diaphragm, such that the bot-
tom face area of the visco-elastic member accounts for
about 11% to about 80% of the bottom face area of the
diaphragm. The present invention provides the out-
standing advantages, such as ability to control the reso-
nance modes of a piezoelectric vibrator without allowing
the vibratory energy to be leaked to a supporting frame
or the like, thereby realizing a piezoelectric loudspeaker
which has a high sound volume level and flat repro-
duced sound volume-frequency characteristics.

[0105] By incorporating an element within a visco-
elastic member so that the element is affixed to the pie-
zoelectric vibrator, it becomes possible to minimize the
excessive amplitude occurring in the central portion of
the piezoelectric vibrator, thereby providing for improved
withstand input level.
[0106] By providing notches in a visco-elastic mem-
ber so as not to entirely cover a junction portion for cou-
pling a positive lead wire to a piezoelectric member, it
can be ensured that the visco-elastic member is in close
contact with the piezoelectric vibrator. As a result, the
damping effects by the visco-elastic member can be
fully realized, thereby providing for stable sound volume
characteristics.
[0107] By providing an element, which is at learnt
partially conductive, for supporting the substantial
center of the piezoelectric vibrator, and applying an
electric input to the conductive portion of the element,
the excessive amplitude occurring in the central portion
of the piezoelectric vibrator can be minimized, thereby
providing for improved withstand input level. This results
in a reduced number of lead wires, which reduces mal-
functioning possibilities and improves production yield.
[0108] By inserting an electrical resistance between
a piezoelectric vibrator and at least one lead wire, a low-
pass filter can be constructed for controlling the repro-
duction band width.
[0109] By dividing a piezoelectric vibrator into con-
centric sections or vertically split sections, and inserting
an electrical resistance or a conductive material having
high resistance between such sections, a low-pass filter
can be constructed in the split piezoelectric vibrator so
that the piezoelectric vibrator operates as a composite
loudspeaker. As a result, the reproduction band width
can be expanded.
[0110] By providing a plate for coupling a visco-
elastic member to a frame, the excessive amplitude in
the central portion of the piezoelectric vibrator can be
minimized, and an acoustic element can be constructed
within the space between the plate, the piezoelectric
vibrator, and the frame, thereby enabling adjustment of
sound volume characteristics.
[0111] By providing a through-hole in the dia-
phragm through which one of positive wires is coupled
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to the piezoelectric vibrator, improved appearances can
be provided, and malfunctioning possibilities associated
with severance of lead wires are reduced.

[0112] By providing a cover and an electric input
terminals on at least the front side or the back side of
the piezoelectric loudspeaker, the sound volume char-
acteristics can be improved, the piezoelectric loud-
speaker can be protected from extrinsic impacts or
shocks, and a reduced number of lead wires decreases
malfunctioning possibilities and improves the appear-
ances of the piezoelectric loudspeaker.
[0113] By ensuring that the visco-elastic member
has a bottom face area which is equal to or greater than
the bottom face area of the piezoelectric member and
yet small enough to fit within the inner diameter of the
frame, the visco-elastic member can serve as a means
for protecting the piezoelectric member.
[0114] By providing a conductive portion within the
frame, the conductive portion being in electrical contact
with the diaphragm, a negative lead wire can be omit-
ted, thereby making for improved appearances and pro-
duction facility and substantially eliminating
malfunctioning possibilities.
[0115] Throughout the specification, the term
"member" (e.g., "visco-elastic member", "piezoelectric
member", etc.) is employed in its broadest sense. That
is, a "member" refers to any piece or amount of material
taking a definite or indefinite shape such that the "mem-
ber" satisfies the aforementioned dimensional require-
ments as appropriate.
[0116] Various other modifications will be apparent
to and can be readily made by those skilled in the art
without departing from the scope and spirit of this inven-
tion. Accordingly, it is not intended that the scope of the
claims appended hereto be limited to the description as
set forth herein, but rather that the claims be broadly
construed.

Claims

1. A piezoelectric loudspeaker comprising:

a piezoelectric vibrator including a diaphragm
and a piezoelectric member provided on at
least one face of the diaphragm, the diaphragm
being vibrated by the piezoelectric member;
a frame for supporting the piezoelectric vibra-
tor; and
a visco-elastic member provided on at least
one face of the piezoelectric vibrator,
wherein the visco-elastic member is disposed
in a substantial center of the piezoelectric
vibrator, and
wherein the visco-elastic member has a bottom
face area which accounts for about 11% to
about 80% of a bottom face area of the dia-
phragm.

2. A piezoelectric loudspeaker according to claim 1,
wherein the visco-elastic member comprises

two or more visco-elastic members stacked on top
of each other, and

wherein the two or more types of visco-elas-
tic members at least comprise different materials or
different shapes.

3. A piezoelectric loudspeaker according to claim 1,
wherein the visco-elastic member comprises first
and second visco-elastic members which are pro-
vided on opposite sides of the piezoelectric vibrator.

4. A piezoelectric loudspeaker according to claim 3,
wherein the first and second visco-elastic members
at least comprise different materials or different
shapes.

5. A piezoelectric loudspeaker according to claim 1,
wherein the visco-elastic member comprises

two or more visco-elastic members having mutually
different values in at least one of specific gravity,
Young's modulus, and internal loss, and

wherein the two or more types of visco-elas-
tic members are disposed in a concentric manner.

6. A piezoelectric loudspeaker according to claim 1,
wherein a rigid member is provided on the visco-
elastic member, the rigid member having a specific
gravity which is larger than a specific gravity of the
visco-elastic member.

7. A piezoelectric loudspeaker according to claim 1,
wherein the piezoelectric vibrator has at least one
aperture, the at least one aperture being at least
partially filled by the visco-elastic member.

8. A piezoelectric loudspeaker according to claim 1,
wherein the frame has a horn-like configura-

tion having an opening, the opening having a grad-
ually increasing cross-sectional area away from the
piezoelectric vibrator and toward a final opening at
which soundwaves are emitted, and

wherein the visco-elastic member has a con-
ical configuration having a gradually decreasing
cross-sectional area away from the piezoelectric
vibrator and toward the final opening.

9. A piezoelectric loudspeaker according to claim 1
further comprising an element provided in a central
portion of the visco-elastic member, at least one of
specific gravity and elastic modulus of the element
being larger than specific gravity and/or elastic
modulus of the visco-elastic member.

10. A piezoelectric loudspeaker according to claim 1,
wherein the visco-elastic member include notches
at least in one portion thereof.
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11. A piezoelectric loudspeaker comprising:

a piezoelectric vibrator including a diaphragm
and a piezoelectric member provided on at
least one face of the diaphragm, the diaphragm
being vibrated by the piezoelectric member;
a frame for supporting the piezoelectric vibra-
tor; and
a support element for supporting the piezoelec-
tric vibrator at a substantial center of the piezo-
electric vibrator.

12. A piezoelectric loudspeaker according to claim 11,
wherein the support element includes a conductive
portion which is in electrical contact with the piezo-
electric vibrator, and an electrical input is applied to
the conductive portion.

13. A piezoelectric loudspeaker according to claim 11
further comprising a visco-elastic member provided
on at least one face of the piezoelectric vibrator.

14. A piezoelectric loudspeaker comprising:

a piezoelectric vibrator including a diaphragm
and a plurality of piezoelectric members pro-
vided on at least one face of the diaphragm, the
diaphragm being vibrated by the plurality of pie-
zoelectric members; and
a frame for supporting the piezoelectric vibra-
tor,
wherein different voltages are applied to at
least two of the plurality of piezoelectric mem-
bers.

15. A piezoelectric loudspeaker according to claim 14
further comprising a visco-elastic member provided
on at least one face of the piezoelectric vibrator.

16. A piezoelectric loudspeaker according to claim 14,
wherein at least one of the plurality of piezoelectric
members receives an electric input via an electrical
resistance.

17. A piezoelectric loudspeaker according to claim 14,
wherein the plurality of piezoelectric members are
defined by at least two split sections of the visco-
elastic member provided on at least one face of the
piezoelectric vibrator.

18. A piezoelectric loudspeaker according to claim 14,
further comprising an electrically resistant element
for interconnecting at least two of the plurality of
piezoelectric members.

19. A piezoelectric loudspeaker according to claim 1
further comprising a plate for connecting at least
one said visco-elastic member to the frame so as to

damp unwanted vibration of the piezoelectric vibra-
tor,

wherein an enclosed space is formed by the
plate, the frame, and the diaphragm.

20. A piezoelectric loudspeaker according to claim 19,
wherein the plate has at least through-hole.

21. A piezoelectric loudspeaker according to claim 19,
wherein the visco-elastic member includes a con-
ductive portion which is in electrical contact with the
piezoelectric vibrator, and an electrical input is
applied to the conductive portion.

22. A piezoelectric loudspeaker according to claim 1
further comprising a lead wire for applying an elec-
tric input to the piezoelectric member, wherein the
piezoelectric vibrator has at least one through-hole
through which the lead wire is coupled to the piezo-
electric member.

23. A piezoelectric loudspeaker according to claim 1
further comprising a cover for protecting at least
one said visco-elastic member and the piezoelec-
tric vibrator.

24. A piezoelectric loudspeaker according to claim 23
further comprising a conductive terminal for apply-
ing an electrical input to the piezoelectric member,
the conductive terminal being provided within the
cover.

25. A piezoelectric loudspeaker comprising:

a piezoelectric vibrator including a diaphragm
and a piezoelectric member provided on at
least one face of the diaphragm, the diaphragm
being vibrated by the piezoelectric member;
a frame for supporting the piezoelectric vibra-
tor: and
a visco-elastic member provided on at least
one face of the piezoelectric vibrator,
wherein the visco-elastic member is disposed
in a substantial center of the piezoelectric
vibrator,
wherein the visco-elastic member has a bottom
face area which accounts for about 11% to
about 80% of a bottom face area of the dia-
phragm, and
wherein the bottom face area of the visco-elas-
tic member is equal to or greater than the bot-
tom face area of the piezoelectric member, and
a diameter of the visco-elastic member is
smaller than the inner diameter of the frame.

26. A piezoelectric loudspeaker according to claim 1,
wherein the frame includes a conductive

portion which is in electrical contact with the piezo-
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electric vibrator, and an electrical input is applied to
the conductive portion.
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